The PSI complex of the cyanobacterium Synechococcus sp.
PCC 6301 has been extensively characterized by Golbeck and coworkers, who have shown that it is possible to remove the extrinsic PsaC, PsaD, and PsaE proteins from the Synechococcus sp. PCC 6301 PSI complex by treatment with chaotropic agents such as 6.8 M urea to produce a so-called "PSI core protein" (Parrett et al., 1990; Li et al., 1991a) . After the chaotropic agent is removed and under conditions in which the Fe-S centers can be reinserted into the denatured PsaC protein, the same three proteins, identified by their Nterminal amino acid sequences, can be quantitatively rebound to the PSI complex with accompanying restoration of electron transport to the terminal acceptor FA and FB (Li et al., 1991a ).
Findings from cross-linking (Oh-oka et al., 1989) and EM studies (Bottcher et al., 1992) suggest that these three proteins form a protruding cap on the stromal surface of the PSI complex. The PsaD protein can be cross-linked to Fd, suggesting that one role of this protein is to dock this soluble electron acceptor onto the stromal surface of PSI (Golbeck and Bryant, 1991) . Reconstitution studies with recombinant PsaC and PsaD and the PSI core protein have shown that the PsaD protein is also required for proper and stable association of PsaC with the PSI core protein (Li et al., 1991b) . Chitnis et al. (1989) 1-814-863-7024. trophic growth and was reported to cause no obvious phenotypic change in this cyanobacterium. However, more recent studies with a psaE mutant of Synechococcus sp. PCC 7002 showed that such mutants cannot grow photoheterotrophically and demonstrated a role for the PsaE protein in a cyclic electron transport pathway that is independent of the NAD(P)H dehydrogenase (Yu et al., 1992) .
The psaE gene of Synechococcus sp. PCC 6301 was cloned from a genomic PstI library constructed in plasmid pUC9 using a synthetic oligonucleotide probe (Table I) . Nucleotide sequence analysis of the cloned gene revealed a gene of 76 codons and predicted a protein of 75 amino acids with a calculated isoelectric point of pH 8.43. The deduced amino acid sequence for the gene matches, except for the absence of the initiator Met residue, the N-terminal amino acid sequence of a PSI subunit from this organism with an apparent mass of approximately 10 to 12 kD (Alhadeff et al., 1988; Li et al., 1991a) . Hence, the mature protein is predicted to comprise 74 amino acids with a calculated mass of 8006 D. The purine-rich sequence 5'-GAGGAAG-3', which could play a role in ribosome binding, occurs eight nucleotides upstream from the translational start codon. An inverted repeat capable of forming an energetically favorable structure with a stem of 1 2 bp and a loop of four bases occurs 28 nucleotides downstream of the translational stop codon. The Synechococcus sp. PCC 6301 PsaE protein is 72% identical with and 89% similar to the Synechocystis sp. PCC 6803 protein; the protein is also about 50% identical with and 70% similar to the C-terminal region of the nuclear encoded spinach, barley, and Chlamydomonas reinhardtii PsaE proteins (Golbeck and Bryant, 1991) .
A second open reading frame, beginning with a TTG start codon, was identified 108 bp downstream from the stop codon of the psaE gene. Computer data base searches revealed that the predicted protein product of this open reading frame has strong sequence similarity to the formamidopyrimidine-DNA N-glycosylases of Bacillus firmus (40% identity, 60% similarity) and Escherichia coli (34% identity, 54% similarity). Formamidopyrimidine-DNA N-glycosylase is a DNA repair enzyme the function of which is to remove formamidopyrimidine, the breakdown product of N7-alkylguanine (the major product of DNA alkylation) from the genome.
Reexamination of the sequence downstream from the psaE gene of the cyanobacterium Synechocystis sp. PCC 6803 (Chitnis et al., 1989) has also revealed the presence of a gene with 
